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Background: The sequence of surgical
repair for penetrating extremity injuries re-
quiring both vascular repair and fracture
fixation is controversial. The optimal deter-
mination of repair order and its conse-
quences is the purpose of this study.

Methods: A retrospective review was
performed of 27 patients over a 10-year
period requiring acute revascularization
and fracture fixation for isolated gunshot
wound injuries. Injuries to the brachial
artery and the femoral and popliteal ves-
sels with accompanying fractures requir-
ing operative stabilization were consid-
ered. The Mangled Extremity Severity
Score, surgical sequence, limb viability,
fasciotomy, incidence of iatrogenic vascu-

lar repair disruption, and length of hospi-
talization were analyzed.

Results: There were 17 lower and 10
upper extremity injuries, with a mean
Mangled Extremity Severity Score of 4.1.
Fracture fixation preceded vascular re-
pair in five cases, whereas revasculariza-
tion preceded bone fixation in 22 cases. A
temporary vascular shunt was used in 13
and definitive vascular repair with used in
9 patients. There were no cases of vascular
repair, shunt disruption, or amputation
after fracture fixation. Four of five (80%)
patients with orthopedic fixation before
revascularization required fasciotomies,
whereas 8 of 22 (36%) patients with re-
vascularization before fixation required

fasciotomies, and this difference ap-
proached significance (p � 0.10). Patients
with fasciotomies had a significantly
longer mean length of hospitalization, 18.3
� 8.6 days compared with 10.8 � 8.1 days
(p � 0.03).

Conclusion: For patients with com-
bined injuries, priority should be given to
revascularization before orthopedic fixa-
tion because of shorter hospitalization and
a trend toward lower fasciotomy rates.
Revascularization before fracture fixation
did not result in iatrogenic disruption of
the vascular repair.
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Long bone fractures with associated vascular disruptions
are a heterogeneous group of injuries.1–3 At one end of
the spectrum are injuries associated with large soft tissue

defects resulting from blunt trauma or high-energy gunshot
wounds (GSWs). At the other end of the spectrum are com-
bined injuries secondary to low-energy GSWs. These low-
energy GSW fractures are usually isolated insults with asso-
ciated soft tissue injuries that do not require reconstruction.

Patients with mangled extremities are at high risk for
infection and delayed fracture healing because of the soft
tissue injury. They often have multisystem trauma and severe
systemic problems as a result of the mechanism of injury.
These factors contribute to many of these patients requiring
primary or early secondary limb amputation.4,5 If limb sal-
vage is attempted, multiple limb reconstruction procedures

over a period of years can result in a limb that is painful and
nonfunctional.

Fractures with associated vascular disruption secondary to
GSWs, however, have a much better prognosis for successful
limb salvage.6 The treatment of peripheral arterial injuries from
penetrating trauma has improved dramatically over the past
century. The limb salvage rate for arterial repair has improved
from 64.2% in World War II7 to 87% in the Vietnam War.8

Recent studies report an incidence of limb salvage that can
approach 100%.9–11 Especially with low energy GSWs, the
limited nature of the accompanying soft tissue insult makes
these injuries due to GSW relatively homogenous compared
with blunt trauma injuries.11 Therefore, examination of the ini-
tial treatment of this subset may yield more meaningful infor-
mation than analysis of the whole spectrum of combined
injuries.

At the center of the debate over the initial management of
these injuries is the sequence of surgical revascularization
and bony stabilization. Some authors have recommended
bony stabilization first to protect a subsequent vascular
repair.12–15 Stabilization after revascularization has raised
concern over possible iatrogenic disruption of the vascular
repair. Other authors have advocated initial revascularization,
noting the effects of prolonged ischemia,16–19 and questioned
the risk of subsequent vascular disruption to a limb that has
not been initially rigidly fixed.19–22 The purpose of this study
was to examine the effect of surgical order on ischemia times
and the resulting clinical consequences to patients with com-
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bined bony and major vascular injuries resulting from gun-
shot wounds.

PATIENTS AND METHODS
The medical records of all patients admitted to the Ben

Taub General Hospital, Houston, Texas, with peripheral vas-
cular injuries requiring repair and associated fractures from
January 1990 to December 1999 were retrospectively re-
viewed. The mechanism of injury was determined, and inju-
ries resulting from mechanisms other than firearms were
excluded. Injuries distal to the brachial artery and popliteal
artery were not considered. Data obtained included the loca-
tion of bony and vascular injuries. Injuries to other body
regions were tabulated. History, physical examination, and
age were used to determine the Mangled Extremity Severity
Score for each patient. The use of arteriography was docu-
mented. The surgical order was determined and the method of
fracture fixation and vascular repair was recorded. The oc-
currence of fasciotomy and the basis for that decision were
elucidated. The incidence of fasciotomies in combined arte-
rial and venous injuries was determined. The time from injury
to the start of the revascularization procedure was deter-
mined. The limb status at discharge and complications were
also determined.

Interval variables (e.g., length of stay and total surgical
time) among the three groups were compared using one-way
factorial analysis of variance (ANOVA). This included com-
parisons of variables between upper and lower extremity
injuries. Multiple comparisons using Bonferroni correction
were applied if statistical difference was identified with
ANOVA. Fisher’s exact test was used to compare the pro-
portion (e.g., morbidity of fasciotomy) among the three
groups. In all tests, values of p � 0.05 were considered
statistically significant. Analyses were performed using SPSS
statistical package 10.0 (SPSS, Inc., 2000).

RESULTS
Forty-one patients with injuries to the brachial, superfi-

cial femoral, or popliteal vessels with concomitant fractures
were identified. Eleven of these resulted from injuries other
than gunshot wounds, 10 blunt injuries and 1 circular saw
injury in a 4-year-old. The remaining 30 patients were injured
by GSWs. Two patients had unicortical bony defects that did

not require operative fixation and were excluded from further
consideration. One patient with a temporary shunt subse-
quently died because of uncorrected hemorrhagic shock dur-
ing positioning for an intramedullary nail. It was noted that
the shunt was not dislodged during positioning. This patient
was not included in the statistical analysis, leaving a group of
27 patients. The mean age was 32 years (range, 16–53 years).
Twenty-three patients sustained gunshot wounds, and four
injuries were caused by shotguns. All GSWs were low energy
and did not require serial debridements or subsequent soft
tissue coverage procedures.

There were 11 upper extremity injuries and 16 lower
extremity injuries. Two patients sustained injuries to other
body regions, a scrotal laceration and a gunshot wound to the
scalp, both without underlying injury. All had diminished or
absent distal pulses documented on physical examination.
Ankle-brachial indices were not determined. The mean Man-
gled Extremity Severity Score was 4.1 (range, 2–7). Fourteen
of 16 patients with vascular injuries in the lower extremities
underwent single-shot arteriography. Three of six upper ex-
tremity arteriograms were obtained in interventional
radiology.

Fracture fixation preceded vascular repair (group 1) in
five cases. Revascularization preceded orthopedic fixation in
the remaining 22 cases. In nine patients, the initial revascu-
larization was by definitive vessel repair (group 2). Two of
these cases involved pulseless lower extremities distal to
segmental spasm of the superficial femoral artery. Although
the artery was not operatively repaired, both cases required
primary repair of the femoral vein. Because a vascular ex-
ploration and repair was performed, these cases were in-
cluded in the study. In 13 cases, the initial revascularization
was with a temporary shunt (group 3), deferring definitive
vessel repair until after the skeletal fixation.

Four skeletal injuries were stabilized by external fixation
and the remainder by internal fixation, either a closed in-
tramedullary nail (9 cases) or open reduction and internal
fixation (14 cases). The differences between groups for these
variables were not significant (Table 1).

Two arterial injuries were addressed by exploration
alone as already discussed. Five underwent primary repair.
Seven were repaired with a synthetic interposition graft. The
remaining 13 were repaired with reversed, autogenous saphe-

Table 1 Anatomic Distribution, MESS, and Method of Fracture Fixation for GSW Fractures with Associated
Major Vascular Injuries

Lower Extremity
Injuries

Upper Extremity
Injuries

Average
MESS

External
Fixation ORIF Intramedullary

Nailing

Group 1 3 2 4.2 0 1 4
Group 2 7 2 4.3 3 2 4
Group 3 6 7 4.2 1 11 1

MESS, Mangled Extremity Severity Score; ORIF, open reduction and internal fixation.
Group 1: Fracture fixation followed by vascular repair.
Group 2: Vascular repair followed by fracture fixation.
Group 3: Initial revascularization by temporary shunt then fracture fixation followed by definitive vascular repair.
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nous vein graft. There were no iatrogenic disruptions of either
definitive vascular repairs or temporary shunts by the subse-
quent orthopedic procedures.

The average total surgical time for all three groups was
similar (p � ns). The ANOVA followed by Bonferroni cor-
rection showed that the time to start of revascularization of
group 1 patients was statistically longer than those in the
other two groups. A longer time from injury to the start of
surgery for group 1 contributed to the longer time to start of
revascularization compared with groups 2 and 3 (Table 2).

Four of five (80%) patients with orthopedic fixation
before revascularization required fasciotomies (group 1).
Eight of 22 (36%) patients with revascularization before
fixation required fasciotomies (groups 2 and 3). Although the
proportions are quite different (80% vs. 36%), Fisher’s exact
test did not reveal statistical difference (p � 0.10) between
the two groups because of the small number of patients in
group 1. The need for fasciotomy was determined clinically
in all cases and intraoperative pressure measurements were
not used. There were no cases of patients being returned to
the operating room for delayed fasciotomy. The incidence of
fasciotomies in combined arterial and venous injuries for the
different groups is shown in Table 3, and there was no
statistical correlation. There was no statistical difference in
the fasciotomy rates between upper extremity injuries (27%)
compared with lower extremity injuries (56%) by Fisher’s
exact test (p � 0.24). This may have been because of the
small number of patients in each group. Analysis by the
Mantel-Haenszel test determined that the distribution of up-
per extremity injuries in the three groups did not affect the

overall differences in the fasciotomy rates. Patients with
fasciotomies had a longer average length of hospitalization,
18.3 � 8.6 days compared with 10.8 � 8.1 days (p � 0.03,
unpaired t test).

There were no amputations. There were two complica-
tions in group 1 including a superficial wound infection in
one patient that resolved with intravenous antibiotics and a
thigh hematoma requiring incision and drainage.

DISCUSSION
There are two major considerations in the determination

of surgical sequence in the repair of fractures with major
vascular disruptions: the effect of ischemia time on limb
viability and the effect of fracture stability on the revascular-
ization procedure. Prolonged ischemia time and the absence
of collateral blood flow may necessitate expeditious revascu-
larization. A grossly unstable fracture, conversely, may make
rigid fracture fixation advisable before a vascular repair is
attempted. The use of a temporary vascular shunt can obviate
the need for initial rigid fixation, but the additional surgical
procedure may increase total surgical time in critically in-
jured patients. Iatrogenic disruption of either temporary or
definitive revascularization by the subsequent orthopedic pro-
cedure is also possible. In addition to these considerations,
the training and experience level of the surgeons factor into
the treatment paradigm. Unfortunately, the consequences of
surgical sequence are potentially clouded by other injuries in
the blunt trauma patient with multiple injuries. The injuries
caused by GSWs, however, are usually isolated injuries. The
purpose of this study was to determine the perioperative
consequences of surgical sequence in that group of patients.

Ashworth et al. reported on 25 patients treated for major
vascular disruptions. They performed vascular repair before
fracture stabilization in 8 of their patients requiring fracture
fixation. The other two patients had rapid external stabiliza-
tion of the fracture fragments. They did not report any cases
of repair failure during fracture stabilization.16 Treatment was
determined on the basis of the tenet that “a viable limb is not
always a functional limb” and that prevention of prolonged
tissue ischemia should be the primary treatment objective.
Therefore, reestablishing perfusion promptly was performed
to lessen the effects of prolonged ischemia and subsequent
reperfusion injury and felt to possibly result in better ultimate
function. Unfortunately, long-term follow-up of these injuries
treated at inner-city Level I trauma centers is often not pos-
sible, and the temporal relationship between ischemia times
and ultimate limb function in patients with successful fracture
repair and revascularization has not been reported.

The effect of mechanical stability on revascularization is
a judgment decision at the time of surgery.2,20 Certainly,
relatively stable injuries can undergo vascular repair with
little risk of subsequent disruption. Starr et al. reported no
instances of iatrogenic disruption of either a temporary shunt
or permanent repair in nine revascularization procedures fol-
lowed by fracture fixation.14 Furthermore, in a series of more

Table 2 Total Time of Surgery and Time from Injury
to Start of Revascularization for GSW Fracture with
Associated Major Vascular Injuries

Total Surgical
Time

Time to Start of
Revascularization

Injury to Surgery
Start Time

Group 1 7 h 20 min 7 h 14 min 3 h 42 min
Group 2 6 h 59 min 3 h 10 min 3 h 10 min
Group 3 7 h 43 min 2 h 11 min 2 h 11 min

Group 1: Fracture fixation followed by vascular repair.
Group 2: Vascular repair followed by fracture fixation.
Group 3: Initial revascularization by temporary shunt then frac-

ture fixation followed by definitive vascular repair.

Table 3 Incidence of Fasciotomy in Patients with
Combined Arterial and Venous Injuries

Combined Arterial and
Venous Injuries

Combined Injuries Requiring
Fasciotomies

Group 1 1 1
Group 2 5 1
Group 3 2 2

Group 1: Fracture fixation followed by vascular repair.
Group 2: Vascular repair followed by fracture fixation.
Group 3: Initial revascularization by temporary shunt then frac-

ture fixation followed by definitive vascular repair.
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than 6,000 patients with vascular injuries treated in Vietnam,
Rich et al. determined that external immobilization by trac-
tion or casting provided adequate stability to protect vascular
repairs in those patients with adjacent fractures.8 Grossly
unstable injuries, however, may require intermediary meth-
ods to protect the repair. One method is the use of a tempo-
rary intravascular shunt followed by skeletal stabilization
before definitive vascular repair.1,14,15,21,23 This treatment
course also allows the vascular repair to be based on proper
skeletal length and avoids possible redundancy in the graft or
an anastomosis under tension.24 Another method is a unilat-
eral external fixator device.2,15,18,23,25 Rapidly applied provi-
sional external fixation can serve as a bridge to definitive
fixation.21 Subsequent definitive fixation can be performed at
the same surgical setting or later as the patient’s clinical
course permits.26

The relatively young average age of the patients, 32 years,
and the low incidence of associated injuries probably contrib-
uted greatly to successful limb salvage in our series. Also fac-
toring into successful treatment was expeditious surgical explo-
ration. Arteriograms were used judiciously and usually obtained
in either the emergency or operating rooms, avoiding the delays
of sending the patient to the radiology department. There is an
acknowledged bias at our hospital toward reestablishing circu-
lation before mechanical stability, as was performed in 23 of 28
cases. Furthermore, in this series of patients, the general surgery
service demonstrated a shorter time from injury to surgery start.
Fracture fixation was performed first in five cases because they
were felt to have adequate collateral circulation determined by
the presence of capillary refill. Fracture fixation was started with
ischemia times less than 4 hours in three of these cases, and this
was also noted to factor into the decision of surgical sequence.
Unfortunately, these favorable circumstances did not translate to
comparable times to the start of revascularization, and the group
undergoing fracture fixation before revascularization had signif-
icantly longer ischemia times. The reasons for this are unclear
but are possibly because of unanticipated delays in starting the
operative procedures as well as intraoperative technical difficul-
ties in fracture fixation. The possibility of these unplanned but
all-too-common occurrences should be considered when deter-
mining surgical sequence.

Because long-term follow-up in our patient population is
difficult, we used limb swelling necessitating fasciotomy
during the initial treatment period as an indication of degree
of ischemic damage. Clinical judgment was used to deter-
mine the need for fasciotomy27,28 at our institution. Fascioto-
mies were performed for ischemic changes that placed the
limbs at risk for compartment syndrome. Unnecessary fas-
ciotomies were avoided, as they potentially convert a closed
fracture to an open fracture and mandate subsequent wound
closure or skin grafting. There was no correlation between the
presence of both arterial and venous injuries and the need for
fasciotomy. The increased ischemia times seen in the group
of patients undergoing fracture fixation first did correlate
with an increased risk for fasciotomy that approached statis-

tical significance. The additional in-hospital care, including
soft tissue coverage, for patients with fasciotomies resulted in
a longer hospitalization (p � 0.05). Although not demon-
strated in our study, there are other possible consequences of
fasciotomy such as infection29–32 or delayed fracture
healing30 that may factor into the patient’s ultimate outcome.

The various methods of vascular repair performed in our
series, including primary repair, synthetic graft, and reversed
saphenous vein graft, were all successful. It is comforting that
there were no cases of disruption of any method of revascu-
larization by subsequent fracture fixation. Although acknowl-
edging the potential benefits of rapid provisional external
fixation before revascularization, on the basis of our data we
recommend establishing limb circulation before definitive
fracture fixation. The predictably shorter ischemia time
causes less ischemic injury, as indicated by a lower fas-
ciotomy rate. This in turn obviates further surgical procedures
and lessens the number of days of hospitalization.
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